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SEROLOGICAL  DAT/. 


A.  General  Aina  and  Approach: 

1,  Cellular,  sonicated  and  autoclavcd-sonicatcd  antigens  derived 
fron  arthrosporcs  and  from  spherules  were  tested  by  the  complement 
fixation  nothod  against  cooled  sera  obtained  fron  rabbits  infected 
with  C.  innit is.  These  tests  were  performed  to  deteot  antigenic 
differences  between  arthrespores  and  spherules,  An  attempt  also  was 
nadc  to  correlate  these  results  with  previous  data  obtained  by  testing 
similar  antigens  with  immune  rabbit  sera. 

An  agar-gel  double  diffusion  assay  was  performed  to  demonstrate 
the  nunber  cf  precipitin  bands  present  in  soluble  extracts  derived  fron 
arthrosp3hes  and  from  spherules,  and'  the  relationship  of  these  precipi¬ 
tin  bands  among  the  extracts. 

The  indirect  iranuno-fluoras j -fit  assay  was  utilized  to  confirm 
the  antigenicity  of  the  cell  wall  of  arthrospores  and  of  spherules,  and 
of  their  articulate  fractions. 

D.  Methods  and  Materials: 

1*  Complement  fixation:  The  Kolmer  one-fifth  volume  complement 

fixation  test,  as  outlined  in  the  previous  trl -annual  report,  was  the 
assay  used  to  test  the  pooled  sera  fron  infeeted  rabbits. 

The  cellular,  sonicated,  and  outoclaved-sonicatad  antigens 
were  prepared  according  to  the  methods  outlined  in  the  previous 
tri-annual  report, 

Three  white  rabbits  were  injected  with  £.  icoitis  In  the 
following  manner.  The  growth  fron  four  Sabouraud's  agar  slants  of 
&•  attain  M  11-10  was  washed  fron  the  slants  with  sterile 

physiological  saline.  The  resulting  mixture  was  poured  into  a 
sterile  tissue  grinder  and  subjected  to  fifteen  complete  cycle; 


strokes*  This  procedure  removed  all  lnrLe  clumps  and  produced  a 
homogenous  suspension.  The  mixture  was  then  placed  In  a  sterile 
conical  centrifuge  tube,  and  centrifuged  for  ten  minutes  at  20C0 
X  C  in  an  international  centrifuge;  thio  sediment  was  used  to  prepare 
a  10%  suspension  in  sterile  saline.  A  ten  fold  dilution  was  then  node 
of  this  stock  suspension.  After  preinfwction  sera  was  drawn  from  the 
narginal  ear  voin  of  three  rabbits,  1.0  nl  of  this  ten  fold  dilution 
was  injected,  i.v. ,  into  each  animal.  Colony  counts  of  the  rabbit 
inoculum  on  Sabouraud'g  antibiotic  agar  revealed  approximately  50,000 
infectious  particles  per  nl. 

Twenty-five  days  after  infection,  the  animals  were  bled  out 
by  cardiac  puncture,  and  the  sera  obtained  frou  the  two  animals  showing 
the  highest  complement  fixation  tit  rs  were  pooled  and  frozen. 

Autopsies  performed  on  the  exsanguinated  animals  revealed 
the  lungs,  liver,  spleen,  and  kidneys  to  be  covered  with  a  small 
caseous  lesion.  Microscopic  preparations  of  the  affected  tissues 
revealed  typical  spherules  of  C.  inmitis.  and  cultures  of  the 
liver,  spleen,  and  lungs  made  on  Sabouraud's  antibiotic  agar  were 
positive  for  C.  Icmltls. 

2.  Agar-gel  Double  Diffusion,  The  agar-gel  double  diffusion 
technique  used  in  this  study  was  a  modification  of  the  technique 
of  Ouchtcrloney  (1949).  The  agar  used  in  the  gel  diffusion  plates 
was  0,4  per  cent  lonagor  (Cxoid)  which  was  dissolved  in  physiological 
saline  with  1-10,000  merthiolatc  v/v  added.  Thirteen  mis,  of  this 
agar  was  poured  into  sterile  plastic  petri  dishes  and  allowed  to 
harden. 

Two  different  agar-gel  double  diffusion  patterns  ware 
used  in  this  study.  In  tile  first  pattern  six  outer  wells  were  cut 


with  a  #3  cork  borer,  each  9  ixi  fro:.i  a  center  well  which  was  cut 
with  a  #4  cork  borer.  The  outer  veils  wore  cut  in  c  hexagonal 
pattern.  A  second  pattern  was  uadc  by  surrounding  a  center  hole, 
cut  with  a  #4  corlc  borer,  with  four  cuter  wells,  cut  with  a  #3 
cork  borer*  In  these  plates  the  outer  wells  node  a  square  pattern. 
The  center  well  was  located  9  on.  frea  the  outer  wcIIb,  with  the 
exception  of  the  plates  shown  in  Figures  9  and  10.  In  these  plates 
the  center  well  was  situated  7  ran  from  the  outer  ones.  After  the 
patterns  were  cut,  the  excess  agar  was  removed  by  aspiration. 

When  the  hexagonal  pattern  was  used,  the  various  antisera 
were  added  to  the  outer  wells,  and  the  plates  incubated  at  37°C  for 
two  hours.  The  ahfcigau  was  then  added  to  the  center  cavity,  and 
the  plates  ware  incubated  at  4  -  8°  C  for  seven  to  ten  days.  When 
the  square  pattern  was  used,  the  same  procedure  was  followed, 
except  that  in  some  instances  the  antisera  were  placed  in  the  center 
hole,  but  in  other  tests  they  wore  situated  in  the  outer  wells. 

At  the  end  of  the  Incubation  period,  the  precipitin  bands 
produced  were  recorded  photographically  by  dark  field  illumination, 
and  by  drawings. 

A  sonicated  arthrosporo  and  a  sonicated  spherule  agar-gel 
double  diffusion  antigen  were  prepared  by  sonlcntlon  for  thirty 
minutes  of  a  1-20  v/v  suspension  of  arthvospores,  and  of  a  1-20 
v/v  suspension  of  a  spherule.  The  supernatant  material  was  clarified 
in  the  Model  BC2  Refrigerated  Sorvall  Centrifuge  at  10,500  xG  for 
fifteen  minutes. 

An  autoclaved  agar-gel  diffusion  antigen  was  prepared  from 


a  1-20  v/v  suspension  of  washed  arthroepores  and  washed  spherules 
In  Seibert's  buffer.  These  two  Mixtures  were  autoclaved  for 
fifteen  minutes  at  120  lbs,  pressure  at  a  temperature  of  100°  C. 

The  supernatant  material  was  then  clarified  by  centrifugation  in 
the  refrigerated  Servall  at  10,500  X  G  for  15  minutes. 

The  antisera  utilized  in  this  assay  was  obtained  from 
rabbits  infected  with  C,  lmnitis,  and  rabbits  lmunizcd  with 
formalin-killed  spherule,  arthrospore,  young  mycelium,  D.  derma - 
titidls.  R.  capsulotum,  and  C,  albicans  cells, 

3,  Indirect  Inauno-Fluoroscencc,  One  drop  of  antigen,  delivered 

with  a  Pasteur  pipette,  was  placed  on  alcohol  washed,  acetone  dried 
microscope  slides.  Cellular  antigens  were  air  dried,  nnd  then 
heat  fixed,  whereas  the  sonicated  antigens  were  fixed  by  immersing 
the  smear  in  a  fifteen  per  cent  acetone  solution  for  ten  minutes. 

The  acetone  was  removed  by  two  successive  washings  in  phosphate 
buffer  (pH  7,2).  Two  drops  of  cither  undiluted  immune  rabbit  sera 
or  undiluted  normal  rabbit  sera  were  placed  over  the  smear,  and  the 
slide  was  placed  in  a  moist  chamber  for  thirty  minutes.  The  anti¬ 
sera  was  then  removed  by  washing  the  slide  in  two  successive 
changes  of  phosphate  buffer  for  ten  minutes  each.  After  the 
final  washing,  two  drops  of  fluorcscin  iso thiocyanate  labeled 
rabbit  antiserum  globulin  (Colorado  Scrum  Co.)  were  placed  over  the 
antigen,  and  the  slide  was  put  back  into  the  taoist  chamber  for 
thirty  minutes.  At  the  end  of  this  incubation  period  the  fluorescln  lab 
labeled  antiglobulin  was  removed  by  four  successive  washings  of  five 
minutes  each  in  phosphate  buffer.  The  slides  were  then  shaken 
several  tlmos  to  remove  the  excess  clinging  liquid  and  one  drop  of 
HFH  immune-fltioreseaBt  mounting  fluid  (Hartman-Loddon  Co,,  Hiiladelphia, 


?n,>  was  placed  over  the  smear.  A  cover  clip  was  added  and  the  slides 
were  read  microscopically  on  a  Lcitz  Ortholux  nicroscope  equipped  with 
a  200  Watt  mercury  lamp,  and  a  two  rxi#  ’X5-1  ultraviolet  trans¬ 
mittance  filter.  The  U.V.  absorbant  filter  was  used  in  the  ocular 
and  the  dork  field  condenser  in  the  nicroscope. 

Photographs  were  taken  with  a  Lcitz  micro-attachment  camera 
on  Kodak  tri-x,  35  new  film,  at  an  exposure  tine  of  five  and  one  half 
minutes* 

An  arthrospore  iupuno-fluoresccnt  antigen  was  prepared  by 
washing  nrthroaporcs  three  tines  in  physiological  saline  at  2000  x  G 
In  the  Model  SUV  International  Centrifuge.  After  the  last  centri¬ 
fugation,  the  arthrospores  were  suspended  in  0.85  per  cent  saline  at 
a  concentration  of  approximately  one  per  cent. 

A  spherule  innuno -fluorescent  antigen  was  prepared  in  the 
sane  nanner  as  that  described  above  for  arthrospores. 

Undiluted  anti-arthrospore  and  undiluted  anti-purified  spherule 
pooled  sera  wore  used  to  overlay  the  antigens  In  this  innuno- 
fluorescent  assay.  Undiluted  nomal  rabbit  pooled  sera  was  used  as 
the  control. 

Results  : 

1,  Complement  fixation  tests  with  pooled  sera  fron  infected  rabbits. 

Cellular  antigens.  When  the  pooled  sera  fron  Infected  rabbits 
was  assayed  with  1.5  og/nl  of  arthrospore,  spherule,  young  nyceliun, 

JU  dernatitidis.  and  £,  albicans  cells,  antibody  titers 

of  80,  20,  30,  10,  20,  and  20*,  respectively,  were  observed  (Table  1), 

Twelve  og/nl  suspensions  of  the  above  mentioned  antigens 
exhibited  the  following  titers  in  tests  with  this  pooled  antisera t 
1/32,  l/l$,l/l§,l/8,  1/16,  and  1/32,  respectively  (Sable  1). 


Sonicated  Antigens,  When  the  pooled  antisera  fron  Infected 
rabbits  Wes  tested  with  the  nest  reactive  dilution  of  either  the 
arthrosporc  sonicated,  arthrosporc  sonicated  supernatant,  or 
arthrosporc  sonicated  sediment  antigons,  an  antibody  titer  of  80 
was  observed,  The  above  antigens  exhibited  titers  of  1/128, 

1/64,  and  1/32  respectively,  in  tests  with  pooled  sera  fron  rabbits 
with  coccidioidomycosis  (Table  1), 

If  this  antisera  was  assayed  with  an  optimal  dilution  of 
the  spherule  sonicated,  spherule  sonicated  supernatant,  and  spherule 
sonicated  sediment  antigens,  antibody  titers  of  320,  320,  and  160, 
respectively,  were  obtained.  The  above  anticens  displayed  titers 
of  1/256,  1/256,  and  1/16,  respectively,  in  assays  with  the  pooled 
sera  fron  infected  rabbits  (Table  1), 

Autoclavcd-Sonicatcd  anti non a.  When  the  nost  reactive 

dilution  of  cither  the  autoclaved-sonicatcd  arthrosporc,  autoclavcd- 
sonicated  arthrosporc  supernatant,  or  the  autoclaved-sonicatcd 
arthrosporc  sodlncnt  ant icon  was  tested  vith  this  antisera,  an 
antibody  titer  of  80  was  observed.  These  antigens  displayed 
titers  of  1/256,  1/32,  and  1/64,  respectively,  in  tests  with  the 
pooled  antisera  fron  rabbits  with  coccidioidomycosis  (Table  1), 

When  opt inal ly  reactive  dilutions  of  the  autoc laved- soni¬ 
cated  spherule,  autoclaved-sonicatcd  spherule  supernatant,  and 
autoclaved-sonicatcd  spherule  sedinent  antigens  were  tested  with  the 
pooled  antisera  fron  infected  rabbits,  antibody  titers  of  320,  160, 
and  160,  respectively,  were  observed.  These  antigens  exhibited 
titers  of  1/256,  1/128,  and  1/64,  respectively  In  assays  with 
this  antisera  (Table  1). 


Tests  -/ith  Pooled  Sera  from  Infected  Rabbits 
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2.  Agar-gel  Double  Diffusion.  Xhc  control*  utilised  in  this  assay 
included  Seibert 'c  buffer  in  the  center  well,  and  the  various  anti¬ 
sera  in  the  outer  wells.  The  different  antigens  v;erc  also  tested 
with  normal  rabbit  sera.  All  controls  gave  negative  results. 

Different  dilutions  of  the  sonicated  and  autoclaved  spherule 
extracts  were  reacted  with  varying  concentrations  of  the  two  anti¬ 
spherule  sera.  Siuilarly  the  several  soluble  arthrospore  antigens 
were  unrated  toward  varying  dilutions  of  the  arthrospore  antisera. 
It  was  observed  that  all  of  the  antigen-antibody  combinations 
tested  formed  the  most  intense  and  the  largest  number  of  precipitin 
bands  when  both  reactants  were  undiluted. 

It  will  be  seen  in  Figure  1  chat  the  sonicated  spherule 
antigen  formed  four  precipitin  bands  in  combination  with  purified 
spherule  antisera.  The  band  closest  to  this  antigen  well  was  very 
faint,  and  was  possibly  not  observed  in  any  of  the  other  prepara¬ 
tions.  The  next  band  appeared  as  a  very  thick  line.  The  auto¬ 
claved  spherule  and  soluble  arthrospore  anticens  displayed  a  band 
in  the  Berne  position,  but  it  was  not  as  intense.  A  third  band 
appeared  midway  between  the  anticen  and  antisera  wells,  and  was 
observed  for  all  of  the  extracts. 

Directly  adjacent  to  the  antisera  well,  two  very  fine  bands 
were  observed.  One  of  these  bands  appeared  to  be  coauon  to  the 
sonicated  arthrospore  and  spherule  preparations,  and  the  other  was 
observed  with  all  solutions  except  the  sonicated  spherule. 

When  the  autoclaved  and  sonicated  spherule  and  arthrospore 
extracts  were  migrated  toward  spherule  pooled  antisera  (Figure  2), 
two  precipitin  bands  were  observed  close  to  the  spherule  sonicated 
anticen  well.  This  soluble  preparation  formed  a  third  band,  mid¬ 
way  between  the  antigen  and  antisera  wells,  Which  appeared  to  be 


Mi 


related  to  scvci.nl  Lnnda  formed  by  each  adjacent  extract.  One 
precipitin  band  observed  close  to  the  nntiscro  veil  appeared  to  be 
common  to  all  of  the  soluble  preparations. 

When  the  sane  extracts  were  then  reacted  with  arthrospore 
pooled  antisera  (Figure  3),  it  was  observed  that  only  the  auto¬ 
claved  and  sonicated  arthrospore  extracts  forned  one  cocoon  hand 
in  tests  with  this  antisera.  The  spherule  antigens  failed  to 
react. 

When  a  pooled  antiserum  obtained  from  rabbits  with  coccidioido¬ 
mycosis  was  placed  in  the  center  well  (Figure  4),  all  of  the  soluble 
antigens  formed  a  thich  precipitin  band  located  close  to  the  serum 
well.  These  beads  merged  and  did  not  spur  or  cross.  However,  one 
precipitin  band  was  observed  close  to  the  spherule  sonicated 
antigen  well  which  was  not  seen  in  any  of  the  other  preparations. 

The  sonicated  spherule  antigen  was  then  placed  in  the  center 
well  and  different  immune  antisera  were  situated  in  the  outer 
wells  (Figure  5)<.  This  photograph  revealed  that  this  antigen 
formed  several  precipitin  bands  with  the  purified  spherule  pooled 
antisera,  but  did  not  react  with  any  of  the  other  antisera. 

Figure  3  shows  the  autoclaved  spherule  antigen  in  the  center 
well,  and  the  various  immune  antisera  in  the  outer  wells.  It  was 
again  observed  that  this  preparation  formed  precipitin  bands  only 
in  combination  with  purified  spherule  pooled  antisera. 

However,  when  the  sonicated  arthrospore  antigen  was  situated 
in  the  center  well  (Figure  7),  it  formed  precipitin  bonds  In 
combination  with  purified  spherule,  arthrospore,  and  H.  capsulatum 
pooled  antisera.  This  antigen  formed  several  precipitin  bands 
with  the  purified  spherule  antisera,  and  one  of  these  bands 


appeared  to  be  Identical  with  the  band  produced  by  this  antigen 
with  the  other  two  antisera. 

Figure  8  shows  the  autoclaved  arthrospore  antigen  In  the  center 
well,  and  the  various  immune  antisera  In  the  outer  wells.  This 
antigen  also  formed  precipitin  bands  with  purified  spherule, 
arthrospore,  and  &.  enr)fl||lRttin  pooled  antisera.  Ifcc  bands  produced 
by  the  autoclaved  arthrospore  antigen  with  arthrospore  and  cogsu- 
latum  pooled  antisera  appeared  to  be  Identical. 

the  spherule  culture  supernatant  antigen  was  located  in  tho 
centor  well,  and  the  antisera  in  the  outer  wells  In  Figure  9.  It 
was  observed  that  this  antigen  formed  at  least  five  precipitin  bands 
with  either  purified  spherule  or  spherule  -pooled  antisera.  Some  of 
these  bands  appeared  to  be  identical;  others  did  not.  This  antigen 
formed  one  precipitin  band  with  antisera  obtained  from  rabbits  with 
coccidioidomycosis,  and  Cid  not  react  with  antl-ar throspo re  pooled 
sera. 

Figure  10  shows  that  coccidioldln,  placed  in  the  center  well, 
formed  two  precipitin  bands  in  combination  with  several  different' 
spherule  pooled  antisera,  arthrospore  pooled  antisera,  and  pooled 
antisera  obtained  from  rabbits  with  coccidioidomycosis, 

3.  Indirect  Ioouno-fluorescence. 

Cellular  antigens.  When  either  undiluted  arthrospore  or  purified 
spherule  pooled  antisera  were  reacted  with  arthrospore  cells,  a 
yellowish  green  fluorescence  at  the  edge  of  the  call  was  observed. 
This  bright  staining  reaction  appeared  to  involve  all  or  part  of  the 
cell  wall  structure.  When  the  arthrospore  cells  were  tested  with 
undiluted  normal  rabbit  pooled  sore,  however,  only  a  dull  green 
color  appeared. 


In  the  Indirect  inouno-fluorcsccnt  testa  In  which  undiluted 
anti -arthrospore  or  anti-purified  spherule  pooled  sera  was  reacted 
with  the  spherule  colluler  antigen,  a  definite  yellowish-green 
fluorescent  staining  of  the  outer  portion  of  the  cell  wall  of 

D. 

either  the  spherule  or  the  endospore  was  observed.  This  fluore¬ 
scence  tended  to  outline  the  stainod  cells. 

Although  it  was  noted  that  the  body  of  the  spherule  cells 
showed  souc  nuto-fluoresccnce,  when  undiluted  normal  rabbit  pooled 
sera  was  tested  vlth  these  cells,  no  yellowish  green  fluorescence 
at  the  edge  of  the  spherules  or  ondosporcs  was  observed. 

Sonicated  aedlaent  antigens .  The  arthroaporc  sonicated  sediuent 
consisted  of  some  apparently  Intact  arthrosporcs,  sonc  very  small 
pieces  of  naterial,  and  sone  largo  aggregates  of  cellular  debris. 

When  undiluted  anti-arthroapore  or  anti-purified  spherule  pooled 
sera  was  r  icted  with  this  arthrospore  sonicated  sediment,  a 
"ringing"  of  the  outer  portion  of  the  apparently  intact  arthro¬ 
sporcs  waa  observed.  The  smaller  plccos  of  cellular  debris  were 
seen  to  fluoresce  and  the  large  aggregates  fluoresced  both  at  the 
edge  and  along  the  surface.  When  the  arthrospore  sonicated  sediment 
was  tested  vith  undiluted  normal  rabbit  pooled  sera,  however,  np 
fluorescence  was  observed. 

The  spherule  sonicated  sediment  was  conposed  of  many  small  bits 
of  notarial,  frequent  large  aggregates  of  cellular  debris,  and  a 
rare,  round  endosporo-liUe  body.  When  this  antigen  was  roacted  with 
either  undiluted  anti-arthrosporo  or  undiluted  ancipurlflcd  spherule* 
pooled  sera,  tho  snail  bits  of  notarial  onittod  pin  points  of  light. 

The  large  aggregates  fluorascad  at  the  edge  and  on  the  surface.  The 
round  bodies  aloo  demonstrated  a  positive  reaction. 


When  the  spherule  sonicated  sedir.iant  was  tested  with  undiluted 
normal  rabbit  .cooled  sera,  some  auto- fluorescence  was  observed. 
However,  this  staining  reaction  was  not  as  bright  ns  when  the 
inoune  antisera  were  reacted  with  this  antigen. 

Discussion: 

1.  Coupleuent  fixation.  From  the  results  obtained  in  tests  which 
utilized  pooled  sera  fron  infected  rabbits  and  cellular  and  sonicated 
antigens,  it  was  observed  that  sonication  increased  the  antigen 
titer  of  the  crthrosporc  and  spherule  preparations. 

It  was  also  observed  that  this  antisera  exhibited  an  antibody 
titer  of  80  regardless  of  whether  it  was  tested  with  1.5  ng/nl  of 
the  cellular  or  sonicated  arthrospore  antigens.  The  pooled  sera 
froa  infected  rabbits,  however,  displayed  an  antibody  titer  of  320 
when  tested  with  an  optiunl  dilution  of  the  spherule  sonicate,  and 
a  titer  of  20  when  tested  with  an  optimal  dilution  of  spherule 
cells.  Fron  these  results  it  was  concluded  that  sonication  of 
arthrosporcs  end  spherules  aadc  available  additional  antigenic 
material  for  serological  reactivity.  Zt  was  also  concluded  that 
the  determinants  within  the  arthrospore  were  ainilar  to  those  on 
the  spherule  surface. 

These  results  were  analogous  to  those  obtained  with  these 
antigens  nnd  inoune  anti-C.  iualtis  rabbit  sera. 

2.  Agar-gel  Double  Diffusion.  The  results  of  the  agar-gel  studies 
were  generally  analogous  to  the  data  obtained  by  the  complement 
fixation  method,  and  reported  in  tills  tri-annual  report  and  the 
preceding  one.  Sonicated  and  autoclaved  soluble  antigens  derived 
fron  arthrosporcs  and  spherules  exhibited  at  least  several  precipitin 
bends  when  migrated  toward  purified  spherule  (Figure  1)  and  spherule 
pooled  antisera  (Figure  2).  However,  only  a  single  bead  was  formed 


when  soluble  antigens  were  tested  against  arthrosporc  pooled  anti¬ 
sera  (Figure  3).  /.cain,  these  results  showned  that  the  spherulo 
onticon  elicited  Greater  antibody  response  in  the  lnounizcd  rabbit. 
Conceivably  one  or  uore  of  tu.se  antibodies  (figures  1  and  2) 
detected  in  sera  derived  frou  rabbits  irnunized  with  spherule 
antigens  that  were  lacking  (Figure  3)  in  sera  derived  frou  rabbits 
irnunized  with  arthrosporc  antigens  alght  be  responsible  for  the 
protection  of  aniuals  iimunited  with  the  fomer  antigen  (Vo Gel, 
ct  al.  1954;  Levine,  et  nl.  1950;  Levine,  ct  al.  1962). 

Since  Huppert  and  Dailey  (1963)  showed  that  hunan  sera 
obtained  frou  patients  with  coccldioleooycosis  exhibited  a 
nlnluun  of  one  precipitin  band  when  tested  with  a  soluble  antigen 
frou  oyceliun,  it  was  deeuod  pertinent  to  react  the  sera  fron 
infected  rabbits  with  the  various  soluble  antigens  (Figure  4).  It 
was  noted  that  all  antigens  fomed  one  cocnon  precipitin  band  in 
tests  with  this  sera.  An  additional  precipitin  band,  however,  was 
elicited  by  the  sonicated  spherule  antigen  in  the  prcsccncc  of 
this  sera.  This  additional  band  would  again  euphasiz*.  the 
inportancc  of  spherule  versus  arthrosporc  antigens  in  eliciting 
antibody  fornation  vftiich  night  account  for  the  protective  ability 
of  spherule  naterials. 

Whereas  specific  antisera  were  tested  by  the  double  diffusion 
technique  against  a  variety  of  antigens  in  Figures  l,  2,  3,  and  4, 
a  specific  antigen  was  tested  by  the  double  diffusion  technique 
against  a  variety  of  antisera  in  Figures  5,  6,  7,  and  8.  In 
these  latter  Figures  it  can  be  seen  In  9  that  a  precipitin  band 
was  produced  only  Lo tween  sonicated  spherule  antigen  and  purified 
spherule  pooled  antisera.  The  other  sera  tested  against  this 
antigen  failed  to  react.  This  was  in  agreement  with  the 


reactions  of  this  antigen  and  those  aura  in  a  complement  fixation 
test,  with  the  exception  of  sera  3  and  4  in  Figure  9.  Complement 
fixation  tests  with  these  srra  (young  rjycc.li.un  and  H.  capsulatun. 
preceding  tri-annual  report)  were  cf  sufficient  titer,  320,  to  have 
expected  precipitin  bands  in  a  double  diffusion  test.  That  these 
did  not  occur  nay  be  due  to  a  lack  of  sensitivity  in  the  latter  tost 
(Finder  and  Heller,  1960). 

Cn  the  other  hand,  the  results  of  the  double  diffusion  tests 
with  autoclaved  spherule  antigen  versus  n  variety  of  antisera 
(Fi  gurc  6)  were  in  conplctc  agreement  with  the  results  obtained  with 
this  antigen  and  the  sane  sera  in  the  conpleuant  fixation  test 
(preceding  tri-annual  report) .  The  level  of  antibody  titers  in 
these  tests,  uhen  they  occurred,  were  of  such  low  magnitude  as  to 
have  prevented  a  reaction  in  a  less  sensitive  assay.  Furthermore, 
it  can  be  seen  in  Figures  5  and  0  that  the  spherule  antigens  wore 
specific  in  that  they  did  not  react  with  antl-H.  capsulatun.  anti- 
B.  dernatitids  or  anti-C.  albicans  sera  in  the  double  diffusion  test. 

The  results  of  the  double  diffusion  tests  with  sonioted  arthro- 
spore  and  autoclaved  arthrospore  antigens  tested  against  a  variety 
of  antisera  were  in  agreement  with  those  obtained  in  complement 
fixation  tests  with  similar  reagents  (last  two  tri-annual  reports); 
bands  vore  produced  against  anti-purified  spherule,  anti-arthrospore, 
and  anti-H.  capaulatun  sera.  These  antisera  exhibited  complement 
fixation  titers  of  640,  1280,  and  320,  respectively,  when  tested 
with  the  sonicated  arthrospore  supernatant  antigen,  and  titers  of 
320,  64C,  and  320,  respectively.  In  tests  with  the  autoclaved  arthro¬ 
spore  supernatant  antigen.  The  precipitin  band  produced  by  the 
arthrospore  extracts  in  combination  with  antl»£.  capsulatun  iununlced 


sera  were  of  particular  interest  because  Holner  (1958)  had  reported 


that  a  soluble  antigen  derived  from  the  mycelial  phase  of  C. 
ltnultis  (coccidioidln)  produced  a  single  agar-gel  double  diffusion 
precipitin  bend  in  tests  orLth  scrua  obtained  from  patients  with 
histoplasmosis. 

It  can  be  said,  therefore,  that  tliw  orthrosporo  antigens  have 
reacted  not  only  with  their  homologous  sera  (nrthrospore  pooled 
antisera)  but  alee  with  heterologous  sera  (purified  spherule  and 
capsulatuu  pooled  antisera.)  This  lack  of  specificity,  particu¬ 
larly  with  respect  to  the  anti-H.  capsulatun  sera,  did  not  occur 
with  the  cphcrulc  anticon  discussed  aLove.  Itoreover,  these 
experiments  shewed  (Ficures  5  and  5;  7  and  8)  that  the  nrthrospore 
antigen  produced  a  precipitin  band  with  anti-purified  spherule 
sera  whereas  the  sphurulc  antigen  did  not  react  with  anti-arthro- 
spore  sera,  Therefore,  it  must  be  assumed  that  these  two  anticons 
differed,  quantitatively  or  qualitively,  in  their  anticenic 
composition. 

Two  ocher  antigens  (spherule  culture  supernatant  antigen  and 
coccoidioidln)  were  also  tested  by  the  agar-gel  double  diffusion 
technique  against  a  variety  of  sera  (Ficures  9  and  10).  It  can 
be  seen  in  these  Ficures  that  spherule  antiedn  acain  failed  to 
react  with  arthroapere  pooled  antisera  whereas  coccidioidln 
produced  two  precipitin  bands  with  this  sera.  Since  coccidioidln 
was  derived  from  ayccliua  ns  was  the  arthrospore  pooled  antisera, 
these  results  might  again  indicate  quantitative  or  qualitative 
differences  in  antigenic  determinants  between  the  spherule  and 
mycelial  phases  of  C.  imaltls.  In  Figures  9  and  10  it  should  also 
be  noted  that  multiple  bands  occurred  between  coccidioidln  and 
test  sera  whereas  the  spherule  culture  supernatant  antigen 
produced  multiple  bands  only  with  spherule  antisera.  These  results 


were  also  looked  upon  as  indicators  of  antisenic  dissimilarities 
bctx/ccn  the  uycelial  and  spherule  croxrth  phases  of  C.  immitla. 

3.  Indirect  Ionuno-fluorosccnce.  Vo^el  and  ?adula  (1953)  showed 
that  the  cell  vails  of  pathogenic  fun[;i  would  fluoresce  when 
tected  'ey  the  indirect  iuuunO-fluoreBCeiit  technique.  Breslau 
(1957)  stated  that  the  polysaccharides  in  the  cell  trail  of  the 
spherule  were  the  unin  antigenic  agents  for  stimulating  the 
production  of  antibodies  in  disease.  Konc,  et  nl.  (1933)  studied 
the  imunocenicity  of  disrupted  fractions  of  spherules.  They 
found  that  the  cell  wall  conferred  more  protection  in  mice  against 
challenge  with  viable  C.  lnnitis  that  did  the  protoplasmic  moiety. 

Indirect  iununo-fluorcscent  tests  revealed  that  the  walls  of 
either  arthrosporc  or  sphcrul  -  cells  or  th^-ir  respective  sonicated 
sediments  fluoresced  xdion  these  anticeno  t;crc  ovcrlayed  with  cither 
undiluted  arthrosporc  or  undiluted  purified,  spherule  pooled  antisera 
It  was  postulated,  therefore,  that  this  fluorcoconcc  x/as  another 
indicator  of  the  antigenicity  of  the  arthrosporc  and  spherule  cull 
valla.  These  tests  possibly  revealed  the  sites  of  antigenic 
deterninente  xrtxich  played  a  prouinent  role  in  immunity  to  C.  iunitls 
Future  Work 

1.  A  nicro-co.  ipicncnt  fixation  assay  is  nox;  boinc  used  to  assay 
arthrosporc  and  spherule  anticons,  derived  by  chemical  fractionation 
acr.inst  the  anti-ar  thro  spore  and  antisphcrulc  sera.  Reports  in 

the  literature  have  indicated  that  this  uicro-ossay  is  on  extremely 
sensitive  ccv.xple.icnt  fixation  test. 

2.  The  most  antiecnic  fractions  x>ill  be  tested  for  their  ability  to 
protect  animals  njjainst  challenccxvith  viable  C.  imitia, 

3.  An  anti-spherule  sonicated  supernatant  and  an  antl-aphorulc 
sonicated  sediment  scrum  is  no x;  beinc  prepared  in  rabbits.  It  is 


felt  that  the  us*.  of  thus^.  Sera.  in  the  r.icrc-C.F.  assay  will  ixrc 
readily  enable  us  to  identify  the  protective  determinants  present  in 
C.  iunitis. 

BiocHEiaaa  data 

The  existence  of  chitin  concent: '  t  d  in  the  residue  fraction, 

R5R  II,  was  shown  in  the  previous  report.  In  the  present  report, 
the  cheuical  composition  cf  acae  soluble  fractions  cud  the  occurrence 
of  a  new  sugar,  3-0-mcthylmannoec,  is  reported, 

1,  Fractionation.  Fractionation  of  the  fungal  material  was 
performed  by  the  method  reported  previously.  Each  soluble  fraction 
was  neutralized,  dialyzed  and  evaporated  to  dryness.  Total  lipid 
extracted  with  chloroforu-ncthanol  (2:1)  was  about  207.,  and  the 
phenol  extract  fraction  was  about  57,  of  the  dried  whole  fungus , 

Ru  was  further  fractionated  and  the  yield  of  ecch  fraction  is  shown 
in  Table  1. 

The  capsule  was  isolated  by  differential  centrifugation  after 
treatment  in  the  Ribi  cell  fractionator. 


Table  1. 

Yield  of  fractions 

from  R6. 

Fraction 

Source 

s  n1  s  n2 

s  n3 

Rll 

Recovery 

Avthroapora 

7.2%  23.6% 

17.9% 

25.5% 

79.0% 

Ilyccliun 

14. '7.  43.5 

5.0 

16.1 

82.2 

Sll  :  1  N  BC1  extract.  Sll^:  cone.  Formic  acid 

1  extract 

SII3;  10%  MoOH  extract.  Rll:  Residue. 


2.  Chemical  composition  of  fractions.  The  phenol  oxtract 
was  composed  mainly  of  protein,  and  the  sugar  content  was  less 
than  1%.  Using  the  paper  chromatography  and  the  thin  layer 


chromatography  techniques,  seven  amino  acids  were  detected  by  spray¬ 
ing  with  ninhydrin  reagent.  These  wcr«~  leucine  (or  Isoleucine), 
valine,  alanine,  throonine,  serine  and  a  suali  amount  of  glycine. 

The  fraction  extracted  with  concentrated  fomic  acid  contained 
a  large  auount  of  carbohydrate,  especially  glucosamine,  and  a 
lesser  amount  of  protein.  Mannose  and  glucose  were  found  as  the 
principal  component*  of  the  neutral  sugar  by  chromatography,  and 
galactose  was  demonstrated  as  the  lesser  component  by  using  galactose 
oxidase  (Galactcstat).  A  rapidly  moving  faint  spot  was  also  found 
on  the  chromatogram.  Identification  of  this  sugar  will  be  shown 
later. 

The  fraction  extracted  with  107.  sodium  hydroxide  contained  a 
larger  amount  of  protein  and  a  lesser  amount  of  sugar  than  the 
former  fraction.  Qualitatively,  the  sugar  and  amino  acid  components 
were  not  different  from  the  former  fraction.  In  this  fraction 
glucose  was  weaker  and  mannose  was  the  dominant  neutral  sugar  as 
opposed  to  the  glucose  of  the  former  fraction. 

The  capsule  fraction  contained  a  higher  concentration  of 
glucosamine  than  did  the  whole  cell.  This  amino  sugar  must  come 
from  a  polymer,  and  this  polymer's  resistance  to  mineral  acid 
suggested  chitin.  These  results  also  suggested  that  chit in  was 
condensed  in  the  capsule. 

3*  Identification  of  unknown  sugar  as  3-0-ncthylmanaose. 

This  sugar  composed  only  IX  of  the  whole  arthroaporc,  or  3%  of  the 
total  neutral  carbohydrate.  It  was  impossible  to  determine  its 
properties  by  phys ico -chooica 1  procedure.  A  small  amount  of 
unknown  sugar,  which  was  isolated  by  thin  layer  chromatography  was 
applied  for  identification  chroma tographically.  The  color  developed 


on  the  chromatogram  by  spraying  with  p-oniaiiUne,  nntline  hydrogen 
phthalatc,  and  2,3,  5-trlphcnyltctrazoliuo  chloride  reagent  showed 
Chat  this  sugar  was  an  nidohexese  derivative  and  that  the  C2  of  the 
hoxose  was  not  substituted  with  a  rxthoxyl  group.  Ii£  values 
determined  on  paper  and  thin  layer  with  four  different  solvent 
systems  corresponded  with  known  3-0«uethylnanno8c. 

4.  Lipids  In  arthrcgporcs.  A  twenty  per  cant  suspension  of 
whole  arthrosporcs  was  extracted  with  a  mixture  of  chloroform; 
ncthanol  (2:1).  The  extracted  lipid  was  fractionated  Into  seven 
fractions  on  a  silicic  acid  column.  These  fractions,  however, 
were  not  homogenous  by  thin  layer  ehrouotocraphy.  The  components 
of  these  lipid  fractions  arc  as  yet  unidentified. 

Total  llplcl  was  saponified  with  methanolic  KOH  and  the  fatty 
acids  separated.  These  arc  under  analysis  with  gas  liquid  chrono- 
tography. 
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Purified  spherule  pooled  antisera 
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1.  Sonicate ^  fcpherule  antigen 
P.  Sonicated  arthroopore  antigen 
Autoclaved  arthrospore  antigen 
Autoclaved  spherule  antigen 
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1.  Sonicated  spherule  antigen 
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4.  Autoclaved  arthrospore  antigen 
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Center  "Tell: 

Pooled  antisera  from  rabbits  with 
coccidioi ioraycosAs 

Outside  ’Jells : 

1.  Sonicated  spherule  antigen 

2.  Autoclaved  spherule  antigen 

3 .  Sonicate^  arthrospore  antigen 

4.  Autoclaved  arthrospore  antigen 
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Center  'Jell: 

Sonicated  spherule  antigen 
Outside  TJells: 

1.  Purified  spherule  pooled  antisera 
r..  Arthrospore  pooled  antisera 

3.  Young  mycelium  antisera 

4.  H*  capsulatmn  pooled  antisera 
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Center  Hell: 

Sonicated  spherule  antigen 
Outside  v/ells: 

1.  Purified  spherule  pooled  antisera 

2.  Art hr os pore  pooled  antisera 

3.  C.  a 1 hie r ns  antiserum 

4.  B.  Cermet it idis  antiserum 
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Center  well: 

Autoclaved  spherule  antigen 
Outside  wells: 

1 .  Purified  spherule  pooled  antisera 

2.  Arthrospore  pooled  antisera 
2.  Young  mycelium  antiserum 

4.  H.  capsuiatum  pooled  antisera 
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Center  well: 

Autoclaved  spherule  antigen 
Outside  wells: 

1.  Purified  spherule  pooled  antisera 

2.  Arthrospore  pooled  antisera 

3.  c*  albicans  antiserum 

4.  5.  dor mailt i dis  antiserum 
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Center  well: 

Sonicated  arthroepor©  antigen 
Outside  7/ells: 

1.  Purified  spherule  pooled  antisera 

2.  Arthrospore  pooled  antisera 

3.  C.  rlbicans  antiserum 

4.  3.  dorastltitULs.  antiserum 

5.  Young  mycelium  antiserum 

6.  H.  capsule turn  pooled  antisera 
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Center  well; 

Autoclaved  arthrospore  antigen 
Outside  ’’ells: 

1.  Purified  spherule  pooled  antisera 

2.  C.  albicans  antiserum 

3.  Xrthrospore  pooled  antisera 

4.  H.  capsulatum  pooled  antisera 

5.  5.  dermatifTSis  antiserum 

6 .  Young  mycelium  ant i serum 
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Center  well; 

Spherule  culture  supernatant  antigen 
Outside  v/ells: 

1.  Purified  spherule  pooled  antisera 

2.  Pooled  natlsorn  obtained  tron  rabbits 
vita  cocci  .ipidofcj/coeis 

3.  Arthrospore  pooled  antisera 

4.  Spherule  pooled  antisera 


FIGUHE  1C 


/.GAR-GEL  DOUBLE  DIFFUSION  TEST 


Center  well: 

Coccidioidin 

Outside  wells: 

1.  Purified  spherule  pooled  antisera 

Pooled  antisera  obtained  from  rabbits 
with  coccidioidomycosis 

3.  Arthrospore  pooled  antisera 

4.  Spherule  pooled  antisera 
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